, isolated from the roots of Glycyrrhiza glabra, was derivatized to liquiritigenin 7, 4'diacetate, liquiritigenin 4'-acetate, isoliquiritigenin, and liquiritigenin 7, 4'-dibenzoate. All these derivatives were evaluated for in vitro hepatoprotective activity against D-galactosamine-lipopolysaccharide(GalN/LPS) induced toxicity. In-vitro hepatotoxicity was manifested by a significant increase (P < 0.05) in liver toxicity biomarkers (SGPT, SGOT, ALKP, triglyceride, LPO, NO and LDH). The level of biomarkers in the treatment groups was significantly decreased ( P< 0.05) when compared with the GalN/LPS group. The results revealed that isoliquiritigenin exhibited better hepatoprotective activity than liquiritigenin and its derivatives.
In this study, we report the isolation of LTG and ISL from the roots of G. glabra. In addition, LTG was chemically transformed to ISL as well as to LTG 7,4'diacetate, LTG 4'-acetate, and LTG 7,4'-dibenzoate, all of which were evaluated for hepatoprotective effects against galactosamine-LPS induced toxicity in primary hepatocyte culture. Lipopolysaccharide causes endotoxemia, which occurs frequently in cases of liver failure [7, 8] and is thought to play a role in the pathogenesis of liver diseases [9] . D-Galactosamine depletes UTP resulting in hepatocyte damage [10] , and this model provides a practical tool for the evaluation of compounds that interfere with hepatic apoptosis, as well as chemical-induced acute hepatitis [11, 12] .
LTG and ISL were isolated from the roots of G. glabra. LTG upon acetylation gave LTG 7, 4'-diacetate at room temperature. In another experiment, by refluxing the reaction mixture for 3 h, the diacetate was partially hydrolyzed to LTG 4'-acetate. In the third experiment, the monoacetate, upon further refluxing for 2 h, furnished a mixture of LTG and the active chalcone ISL. LTG was further benzoylated to LTG 7, 4'dibenzoate. This is the first report of the conversion of LTG to LTG 4'-acetate, ISL and dibenzoate. LTG, ISL and the diacetate were identified by comparison of their spectroscopic data with the reported literature [13, 14] . The new monoacetate and dibenzoate derivatives were identified by comparison of their NMR and MS data with those of LTG [13] and reference literature [15] .
Hepatoprotective evaluation of these compounds against GalN/LPS induced toxicity in primary murine hepatocytes culture revealed that ISL exhibited significant inhibition (P < 0.05) of the hepatotoxic markers (SGPT, SGOT, ALKP, triglyceride, LPO, NO, LDH) when compared with the GalN/LPS group. ISL was also found to be better than LTG and its derivatives, whereas LTG 7, 4'-dibenzoate exhibited significant hepatoprotective activity compared with other LTG derivatives ( Table 1) .
Experimental
General: Column chromatography was performed on silica gel, 60-120 mesh. Buchi flash chromatography system was used for the purification of isolates. 
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Hepatoprotective evaluation:
The protocol using rats for the isolation of hepatocytes was approved by the Institutional Animal Ethics Committee (IAEC) followed by the Committee for the Purpose of Control, Supervision on Experiment on Animals (CPCSEA), Government of India. Hepatocytes were isolated from male Sprague Dawley rats using a collagenase perfusion technique that was a modification [16] of the method of Seglen [17] , with minor variations. After the establishment of a monolayer, the culture was treated with GalN (10 µg/mL, Sigma, USA), LPS (1 µg/mL, Sigma, USA) and 100 µg/mL of all test compounds. The hepatocytes were incubated for 24 h after which the cell culture supernatant was collected for biochemical assays.
Animals: Adult male Sprague Dawley rats, weighing 200-250 g, were used as hepatocyte donors. The rats were kept in polypropylene cages with sterile paddy husk as bedding material and wire mesh top. The animals were acclimatized to ambient temperature (22±2ºC) and humidity, and a natural light/ dark cycle. The animals had free access to standard pellet diet and drinking water and were raised in our facility.
Primary cultures of rat hepatocytes:
Briefly, rats were anesthetized with an i.p. injection of chloral hydrate (360 mg/kg). The peritoneal cavity was opened, cannulation of the portal vein was achieved and the inferior vena cava was severed. The liver was perfused first with an oxygenated solution (KCl 2.24 g/L, NaCl 7.5g/L, sodium phosphate monobasic 1.13 g/L, glucose 1.8 g/L, HEPES 2.3 g/L , EGTA 1.9 g/L ), pH 7.4 at 37ºC, followed by collagenase solution (KCl 2.24 g/L, NaCl 7.5 g/L, sodium phosphate monobasic 1.13 g/L, glucose 1.8 g/L, HEPES 2.3 g/L, collagenase-Himedia 0.3 g/L and Trypsin-Sigma, USA, 0.25%), pH 7.4 at 37ºC. Cells were suspended in Minimum Essential Medium(Sigma Aldrich, USA) supplemented with penicillin (100 IU/mL), streptomycin (100 μg/mL) and amphotericin B (0.25 μg/mL) containing 10% fetal calf serum (Hyclone), pH 7.4. Cell viability was greater than 90%, which was quantified by the Trypan blue dye exclusion method. Cells were seeded at a density of 1x10 6 cells/mL in collagen coated 12 well plates (NUNC) and incubated at 37ºC under a humidified environment of 5% CO 2, /95% air (HERA cell 240). After incubation for 8-10 h, the cells were rinsed with MEM to remove unattached cells and debris. Then, the same media was added to the monolayer culture. After further incubation of 4 h at 37ºC, the monolayer culture was used for the different treatments.
Lipid peroxidation:
The cells harvested from the wells were washed with PBS. Malonaldehyde (MDA) concentration was quantified using a thiobarbituric acid method, which measures MDA reactive products. Briefly, 0.5 mL of the harvest was mixed with 0.5 mL of PBS and 0.5 mL of 25% trichloroacetic acid and centrifuged at 2000 rpm for 20 min. A 1 mL portion of protein free supernatant was mixed with 0.25 mL of 0.5% thiobarbituric acid and heated at 95ºC for 1 h. After cooling, the intensity of the pink color of the end fraction product was determined at 532 nm. The MDA concentration was calculated by regression analysis of the data obtained from the standard graph that was plotted using ODs from samples to which were added known concentrations of MDA (MP Bio, USA).
